Abstract Morogo (vegetables in Tswana) is a green leafy vegetable from the Amaranthaceae family that can be harvested from wild growing or cultivated. The objective of this study was to determine the nutritional value, the total antioxidant capacity and selected bioactive compounds present in morogo leaves, and evaluate the effect of drying and cooking. Results showed that morogo contained a significant amount of protein (3.6±0.1 g/100 g FW) and minerals which the level exceed 1% of fresh weight. The total antioxidant capacity (μmole TE/ 100 g FW) determined by DPPH and FRAP assays were 118.3±15.3 and 128.4±11.9 respectively. Total polyphenols (109.4±7.5 mg GAE/ 100 g FW), vitamin C (36.6±1.0 mg /100 g FW) and carotenoids represented by β carotene (25.3±1.3 mg / 100 g FW) and xanthophylls (7.48±0.31 mg /100 g FW) formed a significant part of bioactive compounds content of morogo leaves. Since the boiling can cause significant losses of compounds in the boiling water, it can be recommended to avoid cooking methods that can include a boiling step with discard of boiling water.
Introduction
The global nutrition transition towards more simplified diets high in energy but poor in micronutrients and functional properties is linked with epidemic increase of non-communicable diseases. For centuries, more than 7000 plant species have been used as food, however, in recent years, it was estimated that 90% of the world's dietary energy supply is obtained from only 30 species (FAO 1997) . Thousands of species and many more varieties fall into a category defined as underutilised or neglected crops which are marginalised by both agriculture and nutrition researchers (Global Forum for Underutilized Species 2009). South Africa (SA) is a country with great biodiversity with many people still using a wide variety of plants in their daily lives for food, water, shelter, fuel, medicine and other needs of life (Van Wyk and Gericke 2000) . However, many traditional vegetables are underutilised in favour of introduced non-native vegetables. The availability of indigenous vegetables has declined because of excessive cultivation of field crops, which includes chemical elimination of wild vegetables, habitat change, and the growing ignorance of the young generation about the existence of these foods (Odhav et al. 2007 ). Traditional vegetables are readily available in the field and have the potential to contribute to reducing malnutrition in the poor segment of the population by providing resources for food diversification and supplementing the diet.
Morogo (vegetables in Tswana, one of the 11 official languages spoken in SA) is a green leafy vegetable from the Amaranthaceae family that can be harvested from wild growing or cultivated plants. The plant is adaptable and grows easily under various weather and soil conditions. The plants are harvested only by hand. Young plants can be pulled up or cut 6 to 8 weeks after sowing when they are 200 mm tall. The leaves are eaten in the same way as spinach; they can be cooked on the same day they were harvested or dried and stored for later preparation.
Although several studies Jansen van Rensburg et al. 2004; Odhav et al. 2007 ; Van der Walt et al. 2009a ; Van der Walt et al. 2009b) have examined the nutritional value and the use of traditional and indigenous leafy vegetables in South Africa, there is still a need for data to attract more professional attention to those underutilized foods and highlight their real and potential contribution to nutrition and health. Data on bioactive compounds are particularly lacking for many species. Few studies reported the antioxidant activity of Amaranthus leaves (Odhav et al. 2007; Stangeland et al. 2009 ).
The discovery of a group of nutrients which have protective effects against cell oxidation has attracted both the scientist and public interest in the last decade. There is growing scientific evidence that dietary antioxidants can play a critical role in preserving human health (Liu 2003) . Several epidemiological studies suggest that diets rich in phytochemicals and antioxidants fulfil a protective role in health and disease, and frequent consumption of fruit and vegetables has been associated with a lowered risk of cancer, heart disease, hypertension and stroke (Marco et al. 1997; Vinson et al. 2001; Wolfe and Liu 2003) .
The aim of this study was to determine the nutritional value, the total antioxidant capacity and selected bioactive compounds present in the Morogo leafy vegetable, and to evaluate the effect of drying and cooking.
Materials and methods

Sample
About 5 kg of Morogo, Amaranthus hybridus (Grootfontein Herbarium ID 672) leafy material were randomly harvested at physiological maturity, about 8 weeks of age, from several plants in different areas of Qwa-Qwa in the Free State Province of South Africa. The plants were processed the day they were harvested. Healthy green leaves were removed from the stems, thoroughly washed with water, and divided in three groups for fresh, dried and cooked samples respectively.
For cooked samples, the leaves were boiled in a stainless steel cooking pot for 25 min with minimum water just to cover the leaves and for dried samples, the leaves were air dried at 40°C for 12 h.
Proximate analysis
Moisture, ash, fat and dietary fibre were analysed using AOAC (1997) methods.
Moisture was determined by air-drying 10 g of sample in oven at 105°C to a constant weight. Ash content was determined by incinerating 4 g of dried sample in a muffle furnace at 550°C until the ash turned white. Dietary fibre was analysed by an enzymatic gravimetric method using the Kit TDF-100A, Lot 113 K8803 (Sigma). Crude protein content (N×6.25) was determined by Kjeldahl digestion technique followed by spectrophotometric determination of the resulting ammonia, using the method of Devani et al. (1989) . Total carbohydrates were evaluated by the Anthrone method (Hedge and Hofreiter 1962) , after hot digestion with 2.5 N HCl. Fat content was determined by exhaustively extracting dried samples in a Soxhlet apparatus with petroleum ether. The energy value was calculated using Southgate (1981) conversion factors: 4.0 kcal/g for protein, 9.0 kcal/g for fat and 4.0 kcal/g for carbohydrates.
Sample extractions and assays for total antioxidant capacity and selected bioactive compounds Total antioxidant capacity and total polyphenol Samples for total antioxidant capacity (TAC) and total polyphenols (TPP) assays were extracted according to the method of Pérez-Jiménez et al. (2008) . Ten grams of fresh or 1 g of dry food samples were extracted with 40 ml of methanol/ water (50:50, v/v; pH 2.0) at room temperature, using an ultraspeed homogenizer for 5 min. The homogenates were kept at 4°C for 1 h and then centrifuged at 2500 g for 10 min. The supernatants were recovered and the residue further washed with 40 ml of acetone/water (70:30, v/v) and centrifuged. The resulting supernatants were combined and stored at −20°C until analysed.
Total antioxidant capacity assays The TAC was evaluated using the ferric reducing/antioxidant power (FRAP) assays and the 2,2-diphenyl-1-picrylhydrazyl (DPPH).
The FRAP assay was performed using the method described by Benzie and Strain (1996) . 2.25 ml of freshly prepared FRAP reagent (containing 8.3 mM 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), 16.7 mM FeCl 3 .6H 2 O and 250 mM acetate buffer, pH 3.6) was mixed with 225 μl distilled water and 75 μl of sample extract. The mixture was incubated at 37°C and the absorbance read at 593 nm after 4 and 30 min of reaction. The antioxidant capacity was determined based on a calibration curve using Trolox (25-800 μM) standards.
The DPPH assay was performed according to the method of Brand-Williams et al. (1995) as modified by Thaipong et al. (2006) . The stock solution of DPPH was prepared by dissolving 24 mg DPPH with 100 ml methanol and then stored at −20°C until needed. The working solution was obtained by mixing 10 ml stock solution with methanol to get an absorbance of 1.1±0.02 units at 515 nm, using a spectrophotometer. Sample extracts (150 μl) were allowed to react with 2.85 ml of the DPPH solution in the dark for 24 h. Then the absorbance was taken at 515 nm. Results were expressed in Trolox equivalent (μmol TE/g fresh matter) using Trolox (25-800 μM) standard curve.
Total polyphenol assay The TPP content was determined by the Swain and Hillis (1959) method, using FolinCiocalteu reagent. In a test tube, 150 μl of the methanolacetone extract, 2400 μl of nanopure water, and 150 μl of 0.25 N Folin-Ciocalteu reagent were combined and then mixed well, using a Vortex. The mixture was allowed to react for 3 min after which 300 μl of 1 N Na 2 CO 3 solution was added and mixed well. The solution was incubated at room temperature for 2 h and absorbance measured at 725 nm against a blank. Results were expressed in gallic acid equivalents (GAE; mg/100 g of sample), using gallic acid (0-0.1 mg/mL) standard curve.
Flavonols sample extraction Flavonols were extracted according to the method of Crozier et al. (1997) . Ten grams of fresh or 1 g of dry samples were extracted with 40 ml of 62.5% aqueous methanol solution containing 2 g/ l of terbutylhydroxyquinone (TBHQ) as antioxidant at room temperature using an ultraspeed homogenizer for 5 min. 10 ml of 6 M HCl was added and the solution refluxed at 90°C for 2 h. The mixture was cooled, made to 100 ml with methanol, mixed thoroughly and then filtered through 0.5 μm cellulose acetate filter disc before HPLC analysis. The HPLC system was a Flavonols assay 20 μl of flavonols extracts were injected in a reverse phase C 18 (250 mm×4.6 mm, 5 μm) HPLC column. Two mobile phases was used for elution-(A) 1% formic acid, 99% water and (B) 1% formic acid, 49% water and 50% methanol. The elution profile was 0-4 min, 10% B in A (isocratic), 4-21 min, 10-100% B in A (linear gradient), 42-46 min, 10% B in A (isocratic) with a flow rate of 1 ml/min. Flavonols were detected at 370 nm. The retention times for standard quercetin, myricetin, morin, kaempferol and isorhamnetin were recorded and peak heights used for calculations.
Carotenoids sample extraction Carotenoids were extracted according to the procedure described by Lako et al. (2007) . To 10 g of fresh or 1 g of dry food samples, 1 g of heavy magnesium carbonate (4 MgCO 3 Mg[OH] 2 ·5H 2 O), 20 g sodium sulphate and 30 ml acetone was added, and the sample extracted using a high-speed homogeniser for 5 min. The mixture was filtered through a Whatman N°4 filter-paper under vacuum. The residue, including the filterpaper, was re-extracted with acetone until no residual is saw in the filter cake. The filtrates was combined and made to volume in either a 100 or 200 ml volumetric flask with acetone depending on the intensity of the colour in the sample. An aliquot of the extract was filtered throuh 0.5 μm nylon filter disc before HPLC analysis. All extractions were conducted in a dark room.
Carotenoids assay 20 μl of carotenoids extracts were injected in a reverse phase C 18 (250 mm×4.6 mm, 5 μm) HPLC column. The mobile phase consisted of 75% acetonitrile, 20% 0.05 M ammonium acetate in methanol, 5% dichloromethane, 0.05% triethylamine and 0.1% BHT with a flow rate of 2.0 ml/min. The carotenoids were detected at 450 nm. Retention times for standard lycopene, xanthophylls and β-carotene were recorded and peak heights used for calculations.
Vitamin C assay Vitamin C (ascorbic acid) was determined using the method described by Singh et al. (2007) . 10 g of fresh or 1 g of dry food samples were homogenized in a blender with 100 ml of 1% m-phosphoric acid. The slurry was adjusted to 250 ml with 1% m-phosphoric acid and filtered through Whatman filter-paper. 1 ml of this filtrate was added to 1 ml of 5% dinitrothreitol, and the volume made up to 10 ml with 1% m-phosphoric acid. The solution was filtered and 20 μl injected on a reverse phase C 18 (150×4.60 mm, 5 μm) HPLC column. The mobile phase consisted of acetonitrile: 0.05 M KH 2 PO 4 (pH 5.9) in the ration of 75:25 with a flow rate of 1.5 ml/min. The vitamin C was detected at 261 nm. Retention time for standard vitamin C was recorded and peak height used for calculations.
Quality control
Pure reference standards and one certified reference material were used to track method performance and variability over time.
For proximate composition, rye flour CRM-381 from Institute for Reference Material and Measurements (Geel, Belgium) were used. The certified values were 1.56 g/100 g for kjeldahl nitrogen, 1.36 g/100 g for total fat, 72.2 g/100 g for carbohydrates, 8.4 g/100 g for dietary fibre, and 1.08 g/ 100 g for ash. The recovery percentage ranged form 98.2% to 101% and the coefficient of variation ranged between 1.2% and 1.8%.
For TAC and bioactive compounds, no commercially available CRM were found. Quality control for both TAC and bioactive compounds was checked by using morogo samples enriched or not enriched with known amount of pure reference standards. Recovery data were generated by spiking samples with pure reference standards before extraction. The percentage of recovery ranged from 85.3% to 106.5%. Coefficient of variations were always<5% ranging between 1.9% and 4.2%. The limit of detection was determined by measuring 3 times the signal-to-noise ratio of a low concentration of standard and was identical for all compounds at 0.10 μg/100 g.
Statistical analysis
All samples were analysed in triplicate and the mean of the three determinations reported. Statistical analyses of data were performed using SPSS 17.0 software (SPSS Inc., Chicago, IL). Comparisons between dependent variables were determined, using analysis of variance (ANOVA), Duncan's multiple range test and correlation analysis. Independent-Samples t-test was used to compare fresh and cooked samples. Statistical significance was defined at p≤0.05.
Results and discussion
Proximate composition Table 1 displays the proximate composition of morogo leafy vegetable. With an average moisture content of 89.8 g/100 g, the leaves of morogo presented moisture content comparable to the values previously reported (Maundu et al. 1999; Kruger et al. 1998 ) for commercial and indigenous vegetables. According to Alfawaz (2006) , leafy vegetables having high moisture content, are tender and succulent in nature while those containing low moisture have a woody texture. The moisture content of morogo is higher than that of spinach (85.1%), but lower than that of lettuce (94.2%) (MRC 2009) and lettuce (0.1%) and those reported by Van der Walt et al. (2009a) for three dark leafy vegetables grown in South Africa (1.6-2.9% of dry weight), but was within the range reported by Odhav et al. (2007) . The values obtained for the mineral content (1.96 g/100 g FW) exceeded 1% of the plant fresh weight and were much higher than the mineral concentration of conventional edible leafy vegetables. In this connection, Van der Walt et al. (2009b) reported relatively high calcium and magnesium concentration in the wild morogo. This agreed with previous studies (Odhav et al. 2007 ) reporting high concentration of minerals in traditional leafy vegetables and highlighted the potential to use of the leaves of morogo as a mineral source.
Antioxidant capacity and phytochemical composition Table 2 presents the values of TAC, TPP, flavonols, carotenoids and vitamin C, and Figs. 1 and 2 respectively display HPLC profiles related to the flavonoidic and carotenoids fractions detected in the leaves. Because of the methodological limits for antioxidant determination, it was recommended to use different assays, instead of relying on a single assay to assess antioxidant capacity (Pérez-Jiménez et al. 2008) . Thus, the TAC (μmole trolox equivalent/100 g FW) of morogo leaves was determined by DPPH and FRAP assays which gave value of 118.3 and 128.4 respectively, suggesting that morogo leaves present significant amounts of antioxidant compounds. This result agreed with previous studies (Odhav et al. 2007; Stangeland et al. 2009 ) reporting high antioxidant activity for Amaranthus sp. Some studies reported a high correlation between antioxidant capacity and polyphenol content (Pulido et al. 2000; Sanchez-Moreno et al. 2000) suggesting the importance of phenolic compounds as antioxidant. Among polyphenols, flavonoids showed a high antioxidant activity in several systems. Vitamin C and carotenoids are also well known antioxidants (Podsędek 2007) . With a total polyphenol content ranging from 105.5 to 120 mg/100 g FW, the leaves of morogo displayed a significant level of phenolics. These values were comparable to those reported by Van der Walt et al. (2009b) for Amaranthus hybridus from Vhembe, South Africa. Six flavonols including myricetin (7.7 mg/100 g FW), quercetin (2.1 mg/100 g FW), kaempherol (2.0 mg/100 g FW) and three unidentified flavonols were detected in the leaves of morogo; Morin and isorhamnetin were not detected (Fig. 1 ). Significant levels of carotenoids represented by β carotene (25.3 mg/100 g FW), Xanthophylls (7.5 mg/100 g FW) and two unidentified carotenoids were found in the leaves of morogo; lycopene was, however, not detected (Fig. 2) . The values found for β carotene were higher than those reported by Van der Walt et al. (2009b) for total carotenoids in three traditional African green leafy vegetables sampled from different geographical regions in South Africa. The mean value of vitamin C was 36.6 mg/100 g FW, which suggests that morogo leaves contain fair amount of vitamin C; this amount was below the range of 46-126 mg/100 g FW, reported for Amaranthus sp. by Kruger et al. (1998) .
Effect of drying and cooking
The leaves of morogo are generally cooked before consumption or dried for later preparation, and the effect of drying and cooking was therefore evaluated (Table 3) . In general, the data showed no significant effect (p<0.05) of drying, except for fibre content which significantly increased (7%), and β carotene and vitamin C which significantly decreased at the levels of 19.4% and 13.9% respectively. During cooking, most of the compounds analysed were significantly affected. However, the pattern varied among the compounds. A significant decrease was noted for ash, fibre, TAC, TPP, flavonols, xantophyll and vitamin C, while a significant increase was noted for fat and protein. The compounds mostly affected by the drying and cooking were TAC, TPP and vitamin C which can be lost at a cumulative level of 66.6%, 61.3% and 69.8% respectively. In that connection, (FAO 1990 ) reported a decrease in ascorbic acid by 19% in cooked amaranth. Since the cooking process used in the present study was boiling, loss of compounds can be explained by the leach of compounds into the boiling water. On the other hand, as suggested by Yamaguchi et al. (2001) , the increase of compounds recorded can be credited to the destruction of cell walls and subcellular compartments during boiling that causes the release of compounds.
Conclusion
The chemical composition of morogo leaves suggests that the leaves are good sources of proteins, minerals and bioactive compounds. Since most of the compounds can be lost in the boiling water during cooking, it is necessary to avoid cooking methods that can include a boiling step with discard of boiling water. Other compounds in morogo leaves require further research, mainly on the antinutrient and mineral composition.
